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(54) RUBBER COMPOSITION CONTAiNING METAL SALT OF ETHYLENICALLY UNSATURATED 
CARBOXYLICACID 

(57) This invention provides a croselinkable mbber 
composition compri^ng a rUttlle-containing highty satu- 
rated copolymer rubber, a metal salt of an o(,p-ethytenh 
cally unsatuTBted carbcocyltc acid, and an organic 
peroxide, wherein the nltrile-eontaining highly saturated 
copolymer rubber is characterized by having been 
treated by applying a high shearing force thereto in the 
presence of an antioxidant so as to reduce Ite Mooney 
vieoosity by 15 points or greater, by having a Mooney 
viscx>sity of 5 to 1 35 and a molecular weight distribution 
(Mw/Mn) of 3.0 to 5-0, and by showing a Mooney viscos- 
ity increase of 10 points or less when it is ailowed to 
stand at room tempeiatura for 30 days after the reduc- 
tion of its Mooney viscosity. Rubber n^terials (e,g„ _ - . _ - _ - . 
belts/ n^is and hoses) obtained by crossllnklng this 
composition have improvad strength properties. 
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Description 

5 [0OO1] This invention relates to crosslinkaWe rubber compoalttons which have good proces5ablifty and can yieici high- 
strength rubber materfate. Mor^ parttcularty, this Invention relate* to cross-linkable njt>ber compositions obtarned by 
compounding a nitrfle-contalnlng highly saturated copolymar oibber having a Mooney viscosity reduced by the applica- 
tion of a high shsaring idrcse, with a metal salt of an a,p-ethylenicaliy unsaturated carboxyiic acid and an organic perax- 



la^tQgftu hti Art 

[0002] It is known that crosslinkaWe efastomar coinposltions obtained by compounding an ethylenicaJly unsatumted 
nitrile-conjugated disna copolymer mbber, other diene rubber, an ethylene-propylene copolymer rubber or the like with 
15 melhacrylic acid or other cup-Bthylenlcally unsaturated caitxsxyTic acid, a compound of divalent metal such as zinc, and 
an organic peroxide can yield crose-iinked elastomer products having high mechanical elrength (Japanese Patent Laid- 
open NOS. 57553/79. SiSOdS/'BS and 306443/'d9). 

[0003] It is believed that, in these cnosellnkabfe elastomer compositions, not only the elastomer component, but also 
the methacryljc acfd or other cu^ethylenically unsaturated carboxyiic acid, the zinc or other divalent metal compound, 

20 and the or&anic peroxide react during croselinking to form a crosslinkBd polymer. 

[0004] Among others, crosslinkaWe rubber compositions obtained by. compounding a nitrtle-containing highly sahj- 
rated copolymer rubber with a zinc salt of methacryiic add and an organic peroxide type crosslinklng agent can yjeld 
rubber products having excellent thermal resistance and oil resistance, as well as excellent strength properties (for 
example, Japanese Patent Lafd-Open No. 270753/ iss). 

35 [OOOSJ However, nitrife-comaining highly saturated oopofymar rubbers generally fall to have good prDcessablllty. Con- 
sequenlly* it often happens that the dlspersibrlfty of various compoundino ingredients such as rdlnfbrcing agents in the 
rubbers is not always satisfactory. In oitfer to further increase the strength d rubber products obtained from thase 
crosstinkabie rubber compositions, it is de&lred to improve their pi^eseabllity. 

[pOOBj In onder to impart good processabllity to a nltrlie-contalning highly saturated copolymer rubber, there has been 
90 proposed a method fn which its Mooney viscosity is reduced by the appBcallon of a high shearing force (Japanese Pat- 
ent Uid-Open No. 122103/'91). This proposed method comprises shearing a hydrogenated nitrile rubber having a 
Mooney viscosity of 65 to 1 00 at a high shearing strength in the presence of an oxygen donor such as oxygan or a per- 
oxici9, and a mdical transfer agent so as to subject the rubber to thermal oxidative decompo^tion and thereby reduce 
its Mooney viscosity to a value of 30 to 50. 
w [0007] This proposed method is based on the concept that free radicals prtxiuoed during thennal oxidative decompo- 
sition aJie stabilized with the aid of an oxygen donor. However it has been found that, since the percodde, carboxyl group, 
carbonyl group and like species present after the high-shear treatment are causath^g of gelation, the mbber shows an 
Increase in Mooney viscosity during its storage even if an ordinary antioxkiant Is incorporated therein after the high- 
shear treatnf^ent. 

40 [0008] An object of the present invention Is to further improve the strength proparties of mbber prtxJucis obtained by 
crosslinklng a crosslinkable rubber oomposltkin prepared by compounding a nltrile-containing highly saturated copoly- 
mer rubber with a matai salt of an a,^thylenlcally unsaturated carboxyiic acfd and an oi^anlc peroxide, 
[ootjej As a result of repeated Intensive investigations, the present inventor has found that, by crosslinklng a crossiink- 
able rubber composltfon which is prepared by treating hydrogenated acrylonrtriia-buiadlene copolymar njbber In the 

4s presence of an antioxidant by means of a twin-screw exinjder so as to reduce its Moonay viscosity, and then com- 
pounding this mbber with melhacrylic acid and :dnc oxide, the strength properties of the resulting rubber products can 
further be. improved as compared with the prior art. - _ - 



[0010] Thus, the prssent invention provides the foltowing cross-nnkable rubber composlWons (1) to (4). 

(1) A crossfinkabie rubber composition comprising a nitriie-containing highly saturated copolymer arbber, a metal 
salt of an a.p-ethylenically unsaturated cartxwyllc aeid. and an organic peroxWe, wherein the nltrile-containing 
highly saturated copolymer rubber Is characterized by having been treated by applying a high shearing force 
thereto In tfie presence of an antfexidant so as to reduce its Mooney viscosity by 15 points or greater, by having a 
Mooney viscosity of 5 to 135 and a molecular weight distribution (Mw/Mn) of 3-0 to 5.0. and r>y showing a l^oonay 
viscosity Increase of 10 points or less when it is allowed to stand in air at room temperature for 30 days after the 



PAGE 16128' RCVDAT 2/16/2007 1:21:59 PM [Eastern Standard Tiine]'SVR:USPTO{F)(RF-1/10 * DNI8:2738300'CSID:41280910S4* DURATION (mm-ss):09^ 



10 




50 



2 



02/16/2007 13:10 4128091054 



LANXESS 



PAGE 17/28 



BP 0 972 797 A1 

re<iuction of Ite Moon&y viscosity. 

(2) The crosslinkable rubbar composition of (1) wfiich is used tor the febricatfen of bdits. 
<3) The croaslinkabfe rubber composftlon of (1) which ie usetf for the fabrication of rtslte. 
(4) The crosslinkable rubber composnion of (1) which is used for the fabrlcailon of hoses 

5 

[Od 1 J The present Inventton will be more specifically described hereiabelow. 

1001^] The high-shear treatetf nllrile-oontalning highly saturated copolymer rubber used in the present invention i& 
Obtained by hydrogenatlng oarbon-tocarbon cteuWe bonds of a nitrile-'conialning unsaturated copolymer rubber, which 
comprises a copolymer of an ethylenically unsaturated nrtrrle (e.g., acrylonitriie, methacrylonftrile or a-chloroacryfonl- 

10 trile) and a conjugated diene (e.g.. 1.3-butadlene, ieoprene, l.3-pentadjene or 2,3-cSmelhvt-l .3-butadiene), or a multi- 
ple copolymer of the aforesaid two monomers and at least one of monomers oopolymarizabie therewith (e.g.. vinyl 
aromatic compounds, acrylic acid, methacryllc acid, alkyi acrylaies. alkyi malhacrylates, allc<»cyalkyl acrylatee, alkoxy- 
alkyl methacryiates. cyanoalkyi acrylates and cyanoaJkyI methacrylatea): aT>d then subjecting the resuHing rubber to 
high-shear treatment in the presence of an antioxidant so as to reduce its Mooney vleooeify. 

15 [0013] The nitrlie-containing saturated polymer rubber, to which a high shearing force is applied, usually contains 10 
to 60% by weight, preferably 20 to 50% by weight, of ethylenically unsaturated nitrile monomer units and has been 
hydpogenated by partial hydrogenation or other means to such an extent that not lass than 70%, preferably not less than 
90%, of the carbon-to-carbon double bonds are hydrogenated. If the content of ethylenically unsaturated nitrile mono- 
, mer unite is unduly low, the oibber will have insufficient oil resistance, while If ft is unduly high, the rubber will show ar» 

20 undesirable reduction in elasticity. If the degree of hydrogenation of carbon-to-carbon double bonds Is greater than 30% 
by weight, the rubber win show a reduction In strength properties. This nitrile-containing highly saturated copolymer rub- 
ber generally has good oa resistance, themnal resistance and weather naslstance. 

[0014] Specific examples of this nitriie-containing highly saturated copolymer rubber Include hydrogenated acryloni- 
trlle-butadfene copolymer rubber, hydrogenated acrylortrtrile-isoprBn© copolymer rubber, hydrogenated aorylonftfile- 
^ butadiene-acrylate copolymer rubber and hydrogenated acrylonltrile-butadiene-acrvlate-msthacryllc add copolymer 
mbber, 

[001 5] This nitrile-containlno highly saturated copolymer rubber, to which a high shearing force is applied, usually hae 
a Mooney viscosity (IML4). in the range of 60 to 150. Moreover, he Iodine value Is not greater than 120 and preferably not 
greater than 80. 

30 [0016] When this nrtrile-contalnlng highly saturated copotymar mbber Is subjected to high-shear treatment, Its 
Mooney viscosity in the range of 60 to 1 50 is reduced by 1 5 points or greater, preferably 30 points or greater, and more 
prafaratiiy 00 points or greater, so that the copolymer rubber has a Mooney viscosity in the range of 5 to 135, preferably 
20 to 120. and more preferably 20 to 90. 

10017] This high-shear treatment usually comprises treating the rubber at a temperature of 200 to 380°C, preferably 
$s 240 to 360X, and a shear rate of SOO to 5.000 S '\ preferably 800 to 4.800 S ■\ for a period of SO to 200 seconds* 
preferably 90 10 160 seconds, substantially In the absence Of Oxygen donors such as oxygen, peroxides and nitrates. 
The expression "substantially in the absence of oxygen donors' as used herein means that the present Invention does 
not include an embodiment in which the foregoing oxygen donors are allowed to coexist as descrfbed. for example, in 
Japanese Patent Lald-Qpen Na 122l0a/^1. It Is to be understood that the present invention is not necessarily limited 
40 to treatment In an atmosphere of an Inert gas such as nitrogen. 

[OOlSl The nitrQe-contalnlng highly saturated copolymer rubber having a Mooney vlsocsity reduced by the high-shear 
treatment Is a eubstantiatty gel-free orbber characleifzed in that ii shows a Mooney viscosity increase of at most 10 
points or less, preferably 5 points or less, when it Is allowed to stand in air at room temperahjre for 30 days after the 
reduction of rts Mooney viscosity, and Its molecular weight distribution, defined as the ratio (Mw/Mn) of its weight-aver- 
45 age molecular weight (Mw) to its number-average molecular weight (Mn). is usually in the range of 3.0 to 5.0 and pref* 
eraWy 3.6 to 4.5. The term "average molecular weight" as used herein refers to a value determined by GPC (gel. 
permeation chromatography) wfih reference to standard polystyrene. • . 

[0019] The apparatus which can be suitably used for the application of a high shearing fbme include extruders having 
a single screw or multiple screws. Among others, a hvin-screw extruders is preferably used. No particular limitation is 

so placed on the UD (length/diameter) ratio of me extruder, and It may suitably be chosen so as to be in the range of about 
1 0 to 1 00. Generally, It is preferable to use an extruder having a plurality of ban^ts connected in series and constnjcted 
60 that the first zone following a hopper for the supply of raw material serves to melt the njbber fed as the raw material 
and disperse an antioxidant uniformly thereinto, the succeeding zone serves to apply a high shearing foi^e to the rubber 
at a predetermined high temperature by utilizing the shearing force of the screw(s), the succeeding zone equipped with 

55 a degassing vent sen/es to remove volatile by-products under reduced pressure, and the last extrusion zone equipped 
with an extruding head serves to extrude therefrom the rubber now having a reduced Mooney viscosity Although the 
last degassing zone 19 maintained at a r^educed pressure of 10 to 750 mmHg and prefarably 700 to 750 mmHg, It may 
be maintained at atmospheric pressure. If desired, a peptizer such as the zinc salt of S-benzamfdothiophenol may be 
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atUed during the high-shear treatmerrt. 

[0020J Among twin-screw extruders preferably used as apparatus for the application of a high shearing force, a twin- 
screw extruder having two completely engaged scnsws rotating in the same directron is especially preferred As to the 
Shape of the screws, douWe-threaded or higher muW-threadBd screws are preferred for the purpose of applying a 
5 sheanng force. Usually, doubie-threaded or triple-threaded screwe are used. Specific embodlmente are as follows, 
[0021 J The UO (length/diameter) ratio of the extruder Is preferably in ttie range of 30 to 50. if this ratio is unduly smali, 
a sufficiently extending cooling zone cannot be secured. Consequently, the rubber will not be fully cooled at the outlet 
of the extruder and, therefore, canrwt be saitefaclorlty taken off, or the rubber win be extruded at such a high tempera- 
ture ttiat the itibber may undergo deterioration or gelation. That is, since the rubber has high viscosity, a very large 
10 amount of heal is generated under high shear and the njbber easily reacfies a high temperature. For this reason, the 
wbber must be fully coded before being extmded from the extruder and, therefore, the extruder must be p wided with 
a cooling zone of required extent. The rubber temperature at the outlet of the extruder is 360''C or below and oreferaWv 
330«C or below. ^ 
[0022] Generally* In an extruder having a plurality of barrels connected in series, the first zone following a hopper for 
IS the supply of raw material and comprising one of the three almost equal parts into which the whole length of the 
extruder Is divided serves to melt the raw material and form an essentially homogeneous btend in which an antioxidant 
is uniformly dispersed. Basically, the function of the sorew(s) in this zone is to send the rubber fonvard, so that the rub- 
ber is gradually compressed. The temperature Is preferably preset so ihaith© melt kneading In the suoceeding zone will 
be carried out properly. In practice, it is preferable that the temperature be raised to 250*C by steps, 
A? [0023] In the middle zone comprising one of the three almost equal parts Into which the whole length of the extorder 
is divided, the rubber is kneaded by the action of the scrdw(s), and a shearing force is applied to the rubber at a prede- 
temiined high temperature by utilizing the scrdw(s}. The temperature in this zone Is preset at a value of 240 to 320''C 
and prefenabfy 260 to 300''C. If the temperature Is unduly high, the degree of reduction In Mooney viscosity will be 
increased, but the rubber temperature will rise to such an extent that the rubber will be extruded before it is fully coded. 
25 As a result, the mbber may undergo deterioration or gelatton as described above. On the other hand, if the temperature 
is unduly low, the degree of reduction in Mooney viscosity will be low. Although it may be possible to emptoy a method 
tor raising the mbber temperature by utilizing the generation of heat by shearing, thie method lacks stabie productivity 
In the extruder Accordingly, it is preferable to preset the temperature as described above. 
t0024j In the succeeding last zone, the rubl>er heated to a high temperature is oooled, moisture and volatile by-prod- 
so ucts are removed through a degassing vent, and the rubber now having a reduced Mooney viscosity Is extruded from 
an extofdlng head. Basically, the function of the screw(s) in this zone is to extrude the mbber, and it is preferable that 
the shearing force be weak. The mbber must be fully oooled while it passes through ih ^ zone. The time required for its 
passage can be oontnolled by varying the pitch of the screw(s). The temperature in this zone is preset at a value of 180 
10 250^C and preferably 100 to 240^C. Altfxjugh the degassing zone Is maintained at a raduced pressure of 10 to 750 
35 mmHg and preferably 700 to 750 mmHg. it may be maintained at atmospheric pressure. 

[002s] The antioxidant used during Hie applk:atlon of a high shearing force Is an organic compound which, as known 
in the field of rubber technology, functions to convert rubber radfcals and rubber hydroperoxy radicals formed by the oxi- 
dation reaction and other reactions of rubber into a form not participating in the oxidation chain reaction mechanism or 
to convert hydroperoxides &ito a Stable dkx>hol form, and which is used for the purpose of pravanilng the aging of ruftbar 
40 and extending its lifie. 

[0026] Examples of the antioxidant used include aromatic secondary amine type, amine-ketone type, mercaptoben- 
zimldazolfi type, bisphenol type, monophend type, thIobrsphenoJ type, hydroqulnon© type, nkskei salt type, thiourea 
type, thioether type and phosphoms type antioxidants. Among them, aromatic secondary amine type, amine-ketonB 
type, mercaptobenzimidazole type and bisphenol type antioxidants are preferred. 

45 [0027] Aromatic secondary amine type antioxidants are secondary amines having an aromatic ring attached to the 
nitrogen atom. Specific examples thereof include diarylamine type antjaxklants sucf) as octylated drpheriylamine, 
-alkylated diphenylamine, 4,4'-bfs(di-methylbenzyl)diphGnylamine and pheriyi-a-naphthyfamine;^aryl-p-phenyten«ii- 
amine type antioxidants such as diphenyl-p-phenyienediamine and dinaphthyl-p-phenylenediamine; and alkyl/aryj-p- 
f^enyienediamine type antioxidants such as N-isopropyl-N'-phanyl-p-phenylertedlamine, N-l,3-dimethyibutyi-N'.phe- 

50 nyl-p-phenylane-dlamine. N'<3.rneihacrylpyloxy-2'^iydro8eypropy|)-|sr-phBnyi-p-phenylenedia^ and N-(melhacry- 
ioyl)-N*-phenyI-p-phenytenediamine. 

[002B1 Amine-ketone type anticpddants are condensation products of aromatic amines with ketones. Specific exam- 
pies thereof include the aniline-acstona condensation product, the p-phenetidine-acetone condensation product and 
the dlphenyiamine-acetone condensation product. 
55 [0029] Specifks examples of mercaptobenzimidazole type antioxidants Include mercaptobenzimidazole and its zinc 
salt, and mercaptomelhylbenzimidazole and its zinc salt. 

[0030] Specific sxampies of btephenoJ type antioxidants Include bisphend alkanes such as 2,2'-fnsthylerebl8(4- 
methyl-6-t-butyiphenol) and 4,4'-butylldenebis(3-methyI'^t-butylphenol); and bis-phenol sulfides such as 4,4'*tiiiobis(3- 



4 



PAGE18/28'RCVDAT2/16/2007 1:21:59 PM [Eastern Standard T^^^^ 



02/16/2087 13:10 4128891054 



LANXESS 



PAGE 19/28 



10 



EP 0 972 797 A1 

methyl"6-t-butyfph©noi). 

w^^f^^^^^f r^'^^ monophenol type antioxidflrrts inducJe styranated phenol. a.e^dnt-buiyl^mGthylphsnol 
,^ w^^^^*^^^"°'' rw)ctecteyl 3-(3,S<di-t.butyU-hydroxyphenyrH)rDplonate. 2.4<Hmethyl^(1.rnerhylcy- 
pentylphenyl)flthylh4.6<fi-t.pemylph8nylacrylate. y 7 yuv-o.oHuri 

[wl^i ^^^^'^^ exa")ples of thJobisphenol type antioxldante fndude 4,4'-itiiobis(3-m9thyl-6-t-b*itytph8nol) 4 4'- 
bis(3.6^i-t-butyl-4-hycllfO)cyb9nzyI)suffideand4,4'-lh . ' 

ro^Of»e ^mplee of hydroqulnone type andoxidams incfude 2,5-di-t-butylhydroquJnone and a.5-dr-t-amylhyd- 

[0034] Specific examples of nickel salt type anttaxidants include nickal dlrmethyldithiocartamate. nickel dJethyldlthio- 
carbamate, nk^kal dlbutyldithiocarbamate and nickel Isopnopylxanthata. 

[0035] Specific examples of thiourea type antioxidants Include 1 ,3-bis(dlmethylaminopropyOthjourea and trlbuiylthrou- 

[0036] Specific examplee of Ihioother type antioxidants Include dilauryl 3>thlodlpropionate. dlatearyl 3,3-thlodtoroDi- 
T5 onateandpentaerythrltoltBtrakl8((3*iaufylthiopro|^onate). 

[0037] Specrfic examples Of phosphoms type antloxklants Include ti1s(nonylatecl phenyl) pho&phlte. 

[0038] These antioxidants ard usually used in an amount of 1 to 10 parts by weight, preferably a to 5 parts by weight 

per 1 00 parts by weight of the nlirfle-oontalnlng highly eatumted copolymer rubber. 

[0039] These antioxidants may be used alone or In admbdune of two or more. Moreover, the antioxidant or antioxidants 
may be added at a time to the nltrlle-containing highly saturated copolymer rubber to which a high shearing force Is 
applied, or may be added thereto in divided ponlons. Whan two or more antioxidants are used, rt is possible, lor exam- 
ple, to first add an amine-ketone type antioxidant, to the rubber, extnjde the rubber from an extnjder, and than acW a 
mercaptobenzimidazole type antioxidant thereto. 

[0040] \n preparing the cross! inkable rubber composition of the present invention, ottiar njbbers may be used in com- 
55 ^nation with tne nitriie-containing highly saturated copolymer rubber having been treated by applying a high shearing 
force thereto so as to reduce its Mooney viscosity, so long as the effects of the present invention are not detracted from. 
[0041] Examples of such other rubbers include heat-resisting rubbers. 

[00421 Heat-rearsilng rubbers usually have a Mooney viscosity In the range of 10 to 200, prefembly 20 to 150 and 
more preferably 30 to 100. 

30 [0043] Specific examples thereof include nltrlle-contalnlng unsaturated copolymer njbbars and their hydrogenated 
rubbers, satumted ethylene copolymer rubbers, polyacrylto ester copolymer mbbers, polyether rubbers and fluoiorub- 
bers. These heat-resisting rubbers may be used In admixture of two or more. 

[004q Usable nitiiie-contalnlng unsaturated copolymer rubbers and their hydrogenated rubbers are the eame ae 
those describad prevk>usly. 

Qs [0045J Saturated elhylsne copolymer njbbers are copolymers derived from ethylene, an a-olef in and an unconjugated 
diene. and are substantially saturated copolymer mbbers. Typical examples thereof include low-crystallrne or noncrys- 
taJiine elastomers consisting mainly of ethylene and an a-olefln or olefins of 3 to 1 4 cart)on atoms and having a degree 
of crystalllnity of not greater than 20% and preferably not greater than 10%, such as ethylene-propylene-unconjugated 
dlene terpolymer or multiple copolymer mbber, ethytene-pmpylene-l-butene-unconjugated dIene copolymer mhb&r 

"fo and ethylene^l-buteneHunconJugated diene multiple copolymer rubber; and mfartures thereof. Among others, ethylene- 
propyiene-uncortiugaled drene terpolymer rubber is preferred. Usable unconjugated dienes fndude dicycfopentadlene. 
1,4-hexadlane, cydooctadiene, methylenenorbomene. 5.athylldene'2-norbomBne and the like. Among others, copofy* 
mere containing dicycfopentadlene or 5-ethyiid9ne-2-norbomene as a third component are prefsn^, 
[0046] These elhylene-a-olefin copolymer rubbers preferably have an iodine value of not greater than 20. 

4$ [0047J In these etiryiene-based saturated copolymer rubbers, the molar ratio of ethylene units to a-olefin units is pref- 
. erably in the range of 50/50 to 90/10 and more preferably 60/40 to 84/16, and the molar ratio of (emylene + ct-oletin) _ 
- units to unconjugated diene units (In the case of a terpolymer or multiple copolymer) is prefeteWy in the range of 98/2 
to 90/10 and more preferably 97/3 to 94/6. 

[0046] The eihyienicaiiy unsaturated cartioxylic acid metal Salt u«ed In the pnesent invention may have a slnjclure in 
so which an ethylenically unsaturated cartjoxylfe acid of 5 or less carbon atoms having one or more carboxyl groups is 
combined wfth a metal by an ionic bond 

[0049] Examples of the ethylenically unsaturated carboxyllo acid include monocartoxylic ackte such as acrylic acid 
and methacryfic acid: dicarboxylic acids such as maleic acid, fumaric add and itaconic acW; and monoester com- 
pounds formed from an unsaturated ceitoxjrfrc acid and having 1 to 8 carbon atoms, such as monomethyl maleate and 
55 monoethyl rtaconale. 

[0050] No particular l&nitation is placed on the type of the metal, so long as it can reacts with the aforesaid ethyleni- 
cally unsaturated eartsoxyiic acid to form a salt. Usually, there may be used zinc, magnesium, calcium, barium, titanium. 
chn>mium, iron, cobalt nickel, aluminum, tin, lead and the like. Among these metate. zinc, magnsslgm, calcium and alu- 
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mlnum are suIiaWe from the viewpoint of strength propBrties, and 2rnc is especjalJy preferrecl. 
[0051] Tht molar ratio of tlia aforesard ethylenicaay undaturatod carboxylic acfd to the aforesaid metal fs preferablv In 
tharangeof 1/D.5tDiy3, ' 
[0052] When tho crossilnkable rubber composftion of the present Invention i$ prepared, instead of compounding and 

s Knaading the ethylanlcally unsaturated carboxyfic add metal salt with other ingredients, the ethylenioalJy unsaturated 
carbojcylic acid metal salt may bo fonned in situ by adding the aforesaid ethyienicafiy unsaturated carboxylic acid and 
an oxjde, hydroxide or carbonate of the aforesaid metaJ. and reacting them during Kneading or other operation. 
[0053] Although no particular limitation Is placed on the amount of eihyienlcally unsaturated cartwxylic acid metal salt 
used, it is usually used in an amount of 3 to 120 parts by weight, preferably 5 to 100 parts by weight and more prefer- 

w ably 1 0 to 60 parts by weight, per 1 00 parts by weight of the mbber component in th© composrtlon of the present inven- 
tion. If its amount used is undufy smafi or unduly large, th© rubber produole obtained by crDSSflnklng will undesiraWy 
have poor strength properties. 

[00541 i^o particular limltatfon is placed on the type of the organic peroxide used in the present invention. However 
prefen^ axamptes thereof incfudedicumyi peroxide, dM-bvtylpen&xIde, benzoyl peroxide. 2.5<finiethyJ-2.s-dI(t-butyip- 
is eroxy)hexyne-3, 2.5-dimethyl-2.6-di(bert20yiperoKy)hexane. etc These organic peroxides may be used aione or In 
admixture of two or more, and are usually need In an amount of 0.2 to 20 parts by weight, piof^rably 1 to 10 parts by 
weight per too parts by weight of the njbber component 

[005S] In order to improve moid release pniperties during cioss-link molding, a sulfur- or phosphorus-containing ani- 
onic surface-active agent may be incorporated into the crossDnkaWe njbber composition of the present invention. 

so Examples of the sulfur- or phosphorus-containing anionic surface-active agent Include (1) sulfonic acid salt type eur- 
face-actrve agents comprising group lA, ilA and ilB metal salts of sulfonic acids. (2) sulfuric ester salt type surfeco- 
acifve agents comprising group IA. IlA and IIB metal salts of esters formed from sulfuric acid and alcohols, and {3) phos- 
phoric ester salt type surCace-active agents comprfsing group IA, IlA and liB metal salts of phosphoric esters. 
[005Q The group IA, IlA and ilB meialB include l^hium, sodium, potassium, magnesium, caicium, barium, zinc and 

8$ the like. Among others, sodium Is preferably used. 

[0057] Besides these compounds, there may be used phoephonic acid compounds (e.g., alkytphosphonic acids, alky- 
larytphosphonic acids, phosphonic acid amine salts, acylcxyphoshonio add. icetophosphonic acids and phos> 
phonic^ulhjric esters), aikylsuifinic acld3» atkytthfosulluric asters, alkylhydrosulfurous esters, aikyipersuituric esters, 
alkyisuilamic ackjs, amide*lin)<eo sulfamic ackis, a(icyt8Ui1dndmides« aikyjacylsuifDnamldes. aDcyldlsulfbnimides, alkyl- 

$0 sulfonylureas, alkyldrthiocarbamic adds and the like. 

[0058] These anionic surface-aotive agents may be used alone or in admixture of two or more. Among these surface- 
active agents, sulfonic acid salt type surtaca^ctive agents (1) are preferably used. Among others, alkylbenzenesuffonic 
acid salts having an alkyl group of 1 0 to 1 6 carton atoms a re preferred, and sodium dodecylbenzenesulfonate is espe- 
cially preferred. 

35 10059] ^ough no particular limitation is placed on the amount of anionic surf^ce-activB agent used, ft l8 usually used 
in an amount of 0.5 to 10 parts by weight, preferably 1 to 5 parts by weight per 100 parts by weight of the mbber com- 
ponent If Its amount used Is unduly small, the resulting composition win ahow no improvement in mold release proper- 
ties, if its amount used is unduly large, the rubber products obtained by crcsslinking wDI undesirably show a reduction 
in strength properties. 

40 [0060] Moreover, a n>etai salt of a higher fatty acid may also be incorporated therefmo as required. Examples of the 
higher fatty acid include saturated fatty acids such as caprolc acid, caprylic add. capric add, fauric acid, tridecylic add, 
myristic add, pentadecyiic acid, palmttic acid, hepiadecylic ackl, stearic acid, nonadecanoic ackJ, arachic add. behenio 
acid, lignoceric acid, cerotfe acid, montanic ackj and mellsslc add; and unsaturated fatty adds such as oleic add, 
etaidic acid, linolic add, linolenic add and arachidonic acid. 

45 [0061] No particular limitation is placed on the type of the m etal used for the synthesis of such a higher fitty add metal 

salt. However, preferred examples thereof Include alkali metals such as Hthium. potassium and. sodium; alkaline-earth - 

metals such as magnesium, calcium and barium; zinc family metals such as zinc and cadmium; carbon family metals 
such as tin and lead; and group Vill metals such as nk;kel. Among others, from the viewpoint of the properties of rubber 
products obtained by crossiinking, alkali metals, alkaline earth metals, zinc family metals and carbon family metals are 

so preferred, and lithium, sodium, potassium, calcium, barium, zinc and tin are especially preferred. The erryount of higher 
fatty add metal salt used is in the range of 0.5 to 20 parts by weight, preferably 1 to 10 parts by weight per 100 parts 
by weight of the rubber oomponem. 

[0062] The crosslinkabfe rubber compositron of the present Invention Is prTepared by kneading the above-described 
nitrile-containing tiighiy saturated copolymer rubber having been treated by the application of a high shearing force, with 
ss the above-described compounding ingredients by means of a roll mfH. Banbury mixer or the like, Beside tiiese com- 
pounding Ingredients, various addftives usually used In the elastomer industry may be incorponated therein. They 
indude reinforcing agents such as carbon bTack and white cartx>n; fillers sudi as catelum cartjonate, Clay and talc; and 
various compounding agents such ae plastieizers. anlioxldarvts, ultraviolet absorbers, softeners, foaming agents and 
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oolordnU. 

10063] CrossJInking of the cnossflnkable rubber composfHon of the present invention may be carried out in one stage 
or in iwvo stagss. When it id carried out in two stages, the crassllnlcing temperature et the first stage Is preferably in th9 
range di about 140 to 180-C. Although the Ofossflnking time depends on the crossfinWng terttpemture, it generally 
5 ranged from 2 to ao minutes. The cress-flnking tempenature at the second stags is preferably about 10«C higher than 
that at the fiTBt stage. 

[0084J The crosslInkaWe rubber composition of the present invention nrtay be crosslink-molded Into various rubber 
products according to well-known molding techniques such as press motding. injection molding and transfer molding, 
in carrying out this cross-link molding, the crosslrnked rubber can be efffciantiy molded by using molds coated with an 
JO organic fluorine compound type mold releasing agent. 

[0065] The organic fluorine compound type mold releasing agent used is a compound which fbnns a liquid or solid at 
the molding temperature of the crosslinked mbber. Examples theracf Include organic fluorine compounds of the per- 
tluorosulfbnic acid salt type, fluorinated organic compound type, fluoiinated olefin addition polymer typo, and f luortnated 
ether type. 

iS [00$$] Among them, perfluorosulfbnlc acid salt type mofd releasing agents are superior in performance. These 
organic fluorine compound type mold releasing ageme may be used alone or in admixture of two or more. Moreover, 
mold releasing agents othar tfian organic fluorine compound type moid releasing agents, such as silicone type mold 
releasing agents and metal soap type mold releasing agents, may also be used in combination, in order that the per- 
formance of the organic fluorine compound type mold releasing agBnt(s) may not be detracted from, they are suitably 

so used in an amount of not greater than 50% by wefgM, prefarably not greater thanao% by weight, based on the organic 
fluorine compound type mold releasing agBnt(s}. 

[0067] The organic fluorine compound type moid releasing agent used is usually dissolved or dispersed in an organic 
solvem or an organic medium. It is usually preferable (hat the concentration of the organic fluorine compound type mold 
ralaasing agent in the organic solvent solution or aqueous dispersion be in the range of about 0.05 to 10% by weight. 
[0066] I n order to apply the organic fluorine compound type mold releasing agant, there may be employed any wall- 
known method. Ror example, the moid releasing agem m^ be appBed by dipping the mold into a solution or dispersion 
of the mold releasing agant, by spraying or brushing the moid with a solution or dispersion ot the mold releasing agent 
or by impregnating cloth with a solution or dispersion Of the mold releasing agent, using this cloth to coat the mold there- 
with, and then evaporating tha organk; solvent or water. 



[Composite materials formed from the rubber oompositron and fibers] 

35 [0069] The aibber composition of the present invention exhibits good processability and hence brings about an 
Improved adhesion to various fibers such as nylons. compoeUe materials formed from iha rubber and fibers can yield 
products having excellent bonding strength and mechanical strength as a result of crosslink bonding. These composite 
materials are useful for the bbricaftion of befts, hoses and tha like. Usable fibers include natural fibers such as cotton; 
regenerated fibers such as rayon; synthetic fibers such as nylons, polyesters, vinyion and aromatic polyamWe fibers: 

40 steel fiber; glass fiber; and carison fiber. These fibers may be used alone or in admixture of two or more. Although th sse 
fibers are used by embedding them In the nitrile-contalning highly saturated copolymer njbber as reinforcing fillers in 
the Ibrm of staple, In the fbnn of filaments, or In the form of cords, ropes or woven fabrics (e.g., canvas and reed 
screens), the type and form of the fiber used may suitably be determined according to the type (or use) of the desired 
rubber product! 

4S [0070] Prior to compounding with the copolymer mbber, the fibers are subjected to adhesion pretreatment according 
to the metriod usually employed fbrthe respective fibers, but no special treatment fe required.. For example, rayon.and 
nylons are usually subjected to adhesion treatment with a mixture (hereinafter abbreviated as RFL) composed of an 
aqueous solution ol a resominol^rmaiin precondensata (hereinafter abbreviated as RF) and a nibber latex. 
[O071] On the other hand, in the case of frbars such as polyesters and anDmatIc polyamides. the above-described 

60 adhesion treatment with RFL may fail to produce a sufficient adhesh^e force because they have poor adhesion to rubber 
owing to their molecular stnjctures. Accortlngly, these fibers are previously treated with a treating solution containfng a 
compourKi selected from isocyanates, eitiylenethioureas, epoxias and the like, or an appropriate combination of such 
compounds, then heat-treated, and subsequamly subjected to adhesion treatment with RFL For glass fiber, It is gen- 
erally effective to treat it with a siiane coupling agent such as spoxysllane or an aminosiiane (e.g.. aminopropyttristhox- 

ss ysllane) prior to adhesion treatment with RFL 

[0072] No particular limftation is placed on the type of the rubber latex used in the adhesion treatment with RFL 
Ejtamples thereof Include nitrile copolymer lattees and naiogen^ontalnlng polymer latioes. The nitrlle copolymer lattces 
include, for example, acrylonltrile-butadiana copolymer latex, acrytonllrile-butadiene-methacrylic acid copolymer latex. 



7 



PAGE 21/28'RCVDAT2/16f2007 1:21:59 PM [Eastern Standard 



02/16/2007 13:10 4128091054 



LAI^ESS 



PAGE 



22/28 



EP0 9TO7S7A1 

acrylcmilrile-butacilene-acrylic; add copofymer latex, acrylonrtrlle-butadiena-vinyipyrfdrnd copolymer latex, and latlces of 
thesQ copofymers whose butadiene units have been hydiogenated. The haJogen.cx)nialnlng polymer latioes induds 
epiGhlorohydrln polymer latex, latex of a copolymer of Bpichiorohydrin and one or mor« other epoxide and oxetanes, 
chioropfene rubber latex, chlorosylfonated polyethylene latex, chlorinated polyethylene (atex. latdx of chlorine-contain- 
5 Ing acrylic rubber copolymaiized with a chlorine-containing monomer ae a crossllnklnfif monomer, bromlnated butyl mb- 
bar latex, polyvfnylidene chloride latex, latex of a chlorinated or biomlnatad diene rubber (e.g., acrylonilrile-butadlene 
copolymer rubber, styrene-butadlene copolymer njbber or pclybutadlene rubber), chlorinated or bitsminatsd ethylene- 
propylene-dtene monomer terpolymer latex, and the like. 

[00731 An aqueous emulsion of the nrtrHe-contafning highly saturated copolymer rubber may preferably be uaed as 
10 the latex for adhesion treatment with RFL, because this can further enhance the adhesion between the oibber compo- 
sition and the fiber. These mbber latlces may be used alone or in admixture. 

[0074] Rubber fatlces prepared by emufalon polymerization may be directly used In the adhesion treatment with RFL 
Besides these rubber iatices» there may also be used mbber latlces obtained by dissolving a solid polymer In a solvent, 
adding water and an emulsifier to this solution, stirring the resultinfl mixture to fbmi an emulslw). and removing the soh 
15 vanx therefrom by means of an evaporator or the like. In the present Inventiorx no partitsular Bmilatton fs placed on the 
method for preparing the latex. 

[0075] The RFL solution used for the treatment Of fibers Is a mixture of a mbber latere and RF. Although no particular 
limitation ie placed on the composition of the mixture, it is usually desirable thei the solid weight ratio of the latex to RF 
be in the range of 10;1 to 2:1. Moreover, although no particular limitation is placed on the molar ratio of resorcinol to 
20 fonnalln In the RF solution. It Is usually desirable that the molar ratio be in the range of 1 :3 to 3:1 . More desirably, it Is 
In the range of 1 : 1 to 1 .5: 1 . Furthermore, as The RF solution, any mixture commonly used for crosslink bonding between 
a rubber composition and a fiber may be used without any particular limitation. 

[0076] Although no particular limitation is placed on the method for treating a fiber with the RFL treaUng solution, It is 
common practice to dip the aforesaid fiber according to a dipping process and the heat-treat it. No particular limitation 

25 is placed on the heat-treating conditions employed in the present invention. However, a temperature and time auffbient 
to react and fix the RFL deposited by dipping are chosen, though they may vary somewhat according to the type of the 
fiber. Usually, the heat treatment is carried out at a temperature of about 140 to 210°C for about 1 to 10 minutes. 
Depending on the type Of the fiber, it Is uaually posdible to pratreat the fiber by dij^ing It into an isocyanate solution, an 
epoxy solution or a mixture thereof and then drying it. prior to dipping into the aforesaid heat-treating soiutioa In this 

30 -case, it is desirable that the drying temperature be not higherthan the succeeding heat-treating temperature. 

[Compounding of the rubber with a fiber] 

[0077] In canying out crosslink tending between a fiber having undergone the above-described RFL treatment and 
35 the nitrile-containing highly saturated copolymer mbber compositton, the fiber is, for example. Wended with me nitrila- 
containing highly saturated copolymer rubber composition or laminated wHh the rubber composition. The crosslink 
bonding is canled out under crossi Inking conditions commonly emptoyed for the mbber composition. Although no par- 
ticular limitation is placed on the crosslinking conditions, the crosslinkrng is usually carried otJt at a temperature of 130 
to 200''C and a pressure of 0^ to 10 MF^ lor i lo 120 minutes. 

40 

[Belts] 

[007B] No particular limitation is placed on the method for the fabricatkm of belts. The mbber composition of the 
present Invention is compounded with a fiber having undergone adhesion pretreatmem according to a common belt f^b- 
4S rtcation process. Then, belts are made by molding the resulting composite material Into a shape suitable for the 
intended purpose, and then subjecting It to a cross-Unking step. 



[Hoses] 

50. [0079] No particular limitation fs placed on the stmcture of a hose using the mbber composition of the present inven- 
tion and the method for the fabrication of such a hose. The rubber composition of the pi^sent invention Is particularly 
suitable for use as a material for the Innermost layer of a hose of multilayer stajcture, usually of two-layer or three-layer 
structure, but may be used as a material for other layers. Each layer of the hose is formed by crossllnWng a cro&stinka- 
We njbber composition meeting Its intended purpose. The ciossllnkabie mbber composition constituting each layer 

ss thereof also comprises a mbber compounded with one or more crosslinking agents, assistants, fillers, antioxidants, 
plasticlzers, processing aids and other additives as required. Moreover, in ordsr to Impart strength thereto, a braided 
reinforcing thread layer may be formed between the crossllnked rubber layers. Although no particular limitation is placed 
on the type of the thread consfltutJng tJie braided reinfomlng thread layer, polyoster fibers, nylon fibers, aramid fibers 
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and the like are usually used because of their excellent thermal resistance. 

[raao] Moees of two-layer structure are made, for example, fciy mol<flng the croseUnkaWe rubber composition of the 
presert invention to form an Inner layer, forming a braided reinforcing thread layer around ft applying an adhesive 
thereto, forming thereon an outer layer .comprising a cros5«nkabla rubber compositfon, and subjecting ihi9 assembly to 

& a ciosslinking step for effecting crosslink bonding of an layers. 

[0081 ] Hoses of three-layer structure are made, for example, by molding the crosslinkable rubber composition of the 
present fnvsntion lo form an Inner layer, forming a braided reinforcing thread layer around the inner layer, applying an 
adheavg to the outer surface of the braided reinforcing thread layer, fbmiing rhereon an intermediate layer comprising 
a crossllnkabf© rubber composition, applying an adhesive to the outer surface of the intermediate layer, forming thereon 

w an outer layer comprising a crosslinkable rubber composition, and subjecting this assemWy to a orosslInWng step tor 
effecting crosslink bonding of all layers. 

[Rubber rollsl 

« [00a2] Rubber rolls may be made according to the same method as generally employed for the fabrkiation of rubber 
reus, and no particular limitation Is placed on their fabrication method. For example, there is employed a method which 
comprises placing a core coneisiing of a roll-shaped base material (e,g., a metallic rotating shaft) in a roll mokJ, pouring 
the rubber composition thereinto and sliaping it into a roll surrounding the core, and then crossiinking it by heating to a 
temperature of 100 to 250°a After crossiinking, the resulting rubber roll may be subjected, if necessary, to a surface 

^ treatment for decreasing the frictksnal resistance of the surface or reducing Hs tackiness. 

Ba^tJtode tor CartvinQ Out >tte JnvBntion 

[0083] ~me present invention Is more specifically described with reference to the folkjwing examples, in the examples 
iS and comparative examples, all parts and percentages are by weight unless othermse stated. . 

[0084] In the examples and comparatfve examples, the Mooney viscosities of rubbers were measured at lOO'C 
according to JlSK 6383. 

[00851 The antioxidant used during the application of a high shearing force was poly (2, 2,4.trim ethyl- 1 ,3-dlhydroqurn- 
oUne) (RD, TMDQ; amine-ketone type "Nocrac 224", manufactured by Oouchi Shinko Chemical Industry Co.. Ltd.). 
30 [0085] Rubber compositions were evaluated according to the following procedures. 

{^) Tests for the evaluation of high-speed crossHnkability 

[0087] According to Japan Rubber Association Standard SRIS 3102, about 10 g of each of the uncrosslinkdd rubber 
35 compositions prepared according to the fomiulations shown in Table 1 was ueed to measure Its scorohing times (Tl 0* 
T50 and T90) (in minutes), maximum tonjue (Vmax) and minimum torque (Vmin) (in kg^cm) by means of a Curelastmo- 
ter. Smaller valuee of Tio. TSO and T9Q lower crossiinking rates. Moreover, larger values of Vmax mean higher 
crossiinking efficiency. 

40 (2) Tests for the evaluation of crosslinked properties 

[Ooaa] According to Japanese Industrial Standard (JIS) K 6301. each of the uncrosslinked rubber compositions pre- 
pared according to the formulatfona shown in Table 1 was crosslinked at 170*^0 for ao minutes to fomi a 2 mni thick 
sheet Then, using a No. 3 dumbbell die, specimens were punched therefrom and used to measure Its teneile strength 
4f> (in kgf/cm^. 20%. 50%, 100%, 200% and 300% tensile Stresses (in kgf/cm2), and elongation (in %}. Moreover, Its hard- 
ness was measured with a JlS spring-operated A type hamness tester. Furthermore, according to JIS K 6901, Its tesi 
for compression set was carried out at 1 50'C for 72 hours. 

EiaflatRtLoxLfttnltrlle-contalnlnQ hi nhlv gaiurated copohrmer rubbers having a MQoneyyjBoosity reduced by hiph^^fiha ar 
so t teatmant 

[0089] 100 parts by weight of a hydrogenaied acryionitriie-butadiene copolymer rubber (having a Mooney viscosity of 
140. a degree of hydrogenation of 95%, an iodine value of il, and an acrylonitriie unit content of 36%) and 3 parts by 
weight of an antioxidant were fed to a twin-screw extruder and subjected to high-shear treatment under the following 
55 conditions. Thus, there were obtained two types of copolymer oibbers. One of them was a copolymer rubber (LZP-1) 
whose K/looney viscosity was reduced to 71 and then Increased to 72 by allowing It to stand In air at room temperature 
for 30 days, and the other was a copolymer njboer (LZP-2) whose Mooney viscosity was reduced to 56 and then 
increased to S7 by allowing rt to stand In air at room temperature for 3o days. 
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[0090J As the antioxidant, there vms used poly(2,2.4-trlmBthyM ,2-dihydroquinoiine). 

[0091] Separately, a$ a comparative ©jiampie, a copolymer rubber (LZP-S) was prepared urxier th9 same conditions 
as descilbed above, except that no antfoxidam was added. This copolymer rubber was such thai fts Mooney vlecosrty 
was reduced to 45 and then rncreaeed to 65 by allowing it to stand In air at room temperature for 30 days. 

Twin-screw extruder: 



[0092] 

BT-40 manufactured by Plastics Engineering Laboratory, Ltd. 
samm. 
1 »600 cm. 
42. 

Seven-barrel construction. 
400 rpm. 
7 kg/hour. 
3.200 S-1. 
130-1 50 seconds. 

30 Preset temperature: 

[0093] 

Barel 1 (feeding zone): 1(XrC. 

2S 

Preset temperature: 
[0094] 

so Ban^l 2 (melting zone): TBCPC. 
Barrel 3-6 (kneading and shearing zona): 2S0-290'C. 
^rrel 7 {cooling and degassing zone): 200250^0, 720 mmHfl, 

gyqmpi^g 1-2 and C om oarativB Examplea 1-2 

10095] Each of the two nitrile-contalnfng highly saturated copolymer rubbers (LZP-1 and iZP'2) having a reduced 
Mooney viscosity was compounded with zinc dimethacrylate [Zn(MAA) 2I and an organic peroxide type compound [NAjI- 
cap 40KE; a 40 wi.% preparation of 1 ,3-bls(t-butyl peroxyisopropyf)bena«ene] aocording to the fomiulatfons shown in 
Table 1, and the resulting composHione were tested for high-speed crossiinkabiSty and crosslinl«d propertlas. As a 
comparative example, LZP-3 and a commercially available hydrogenatad acrylonltrile-butadiene rubber (Zetpol 2010; 
with a Mooney viscosity of 85, an fodine value of 58, an iodine value of 1 1 , and a bound acrylonitflle unit content of 36% 
by weight manufactured by Nippon 2eon Co.. Ltd.) were used and evaluated in the same manner as described above. 
The results thus obtained are shown in TaWe 1 . 



w Model: 

Screw diameter: 
Screw length: 
UO ratio: 
Type: 

75 Screw speed: 
TTiroughput: 
Shearing rate: 
Residance lime: 



40 



50 



ss 



10 



PAGE 24/28 ' RCVD AT 2/16m 1:21:59 PM [Eastern Standard nme] ' Sffi^^^ 



82/16/20B7 13:10 4128891054 LANXEBS PAGE 25/28 



EP 0 972 797 A1 



Table 1 





Comparative ExannpJe 


Example 




1 


2 


1 


2 


Eojityrulatlon 










Zp20lO 


100 


- 


- 


- 


LZP-3 




100 






LZP-1 






100 




LZP-2 








100 


Zn(MAA)2 


30 


30 


30 


30 


Vulcsap 40KE 




5 


5 


5 


Curefastmetemr^st at I7mn fnr Art miniitoc 


















MH (V max) (kg/cm) 


17.6 


14.3 


20.8 


19.6 


ML (V rtJin) (kQ/om) 


1.3 


0.7 


1.3 


1.1 


T10 (minutes) 


1.0 


1.0 


0.7 


0.8. 


T50 (minutes) 


a.5 


3.7 


3.5 


3.7 


TOO (minutes) 


. ii.e 


11.8 


11.5 


11.8 


Tension tast (after heatinoat 170^ far 00 m\i^ 


m 




Tensile strength (KgVcm^) 


333 


325 


376 


357 


EloFYgation (%) 


580 


590 


500 


600 


20% tensile stress (kjl/onfi) 


13 


12 


16 


14 


50% tensile stress (Kgf/orri^ 


19 


18 


23 


22 


100% tensile stress (kgf/cm^ 


as 


25 


37 


35 


200% tensile stress (kgf/cm^ 


57 


49 


76 


72 


300% tensile stress (l<gf/cm^ 


95 


81 


132 


127 


Hardness (J)S A) 


68 


6$ 


69 


68 


After 10 seconds 


63 


61 


65 


65 












(%)at1S0"C for 72 tiours 


56 


67 


48 


42 



[0096] It can be seen from the rasulte shown in Table 1 that use of ms crossllnl<able rubber composftions of the 
4s present Invention brought about a marked improvement in strength properties and compression set resistance, as com- 
pared with the prior art. i.e., the case In whteh the hydrogenated NBR (L2P-3) whose Mooney viscosity had been 
reduced.by high-shear treatment In the abserce of antioxidant and then Increased gieatfy by allowing it to stand irTair 
at room temperature for 30 days was used, and the case in which the hydrogenated NBR (ZP 201 0) having undenuent 
no high-shear traalrnent was used. 
so [0097] these improving effects of the present invention over the prior art are tjeHeved to be attributable to the facts 
that, since the hydrt>genatod NBRs used in the present invention had a Mooney viscosity reduced by the application of 
a high shearing force in the presence of an antioxidant they exhibit not only improved processabiiity due to a reduction 
in Mooney viscosity, but also Improved mlsdbillty with zinc dimethacrylate and the like, and that, since the aibber com- 
positions of the present invention have etomge stability without suffering from gel formation and an increase in Mooney 
55 viscosltjfc their strength properties are improved. In particular, the oibber compositions of the present invention show a 
marked improvement in compression set resistance and are hence auitabie for use as rubber materials ibr the fabrica- 
tion of belts, hoses and rubber rolls. 
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Iffeg to of the inven tion 



[OOdB] Thus, the prewm invention provides onissllnkable rubber compositfons which have good processability and 
can yfeld rubber products having Impravad strength and compressron set resistance. That Is, since the crossllnkabie 

5 rubber composHions of the pnesant invention hav© excellent processabiiity and the crosslinkad products thereof have 
excellent mechantoa) strength and QOod oil reeistartce. thermal resistance, weather resistance and f ilte properties, they 
are useful for the fabrication of various sealing materials, bells, hoses and other rubber products for Lise In automobiles. 
[OOdS] Specifically, tney can be used rn a wide range of applications including various sealing materials such as 
rings, gaskets, oil seaJs and Fneon seals; belts such as automobile V-baits, pdy-ribber belts and toothed transmission 

70 berts; hoses such as automobile power steering hoses, high-pressure oJi-resistfng hoses (e.9.. oihhydraulte hoses for 
various type of machinery such as construction machinery) and automobile.fuer hoses; rolls; mbber products fbr use in 
oil and gas wells [e.g., packers, blowout preventers (BOP) and pipe protectors]: various diaphragms; automobile dutch 
plates and brake shoes (which are made by Wer>dlng a crossiinkable rubber composition of the present invention with 
a thermosetting resin such as a phenolic resin or an apoxy resin, and molding the resulting blend); and the Ilk©, as well 

15 as various rubber vibratron isolators, elaclrigal appliances, automobile parts, industrial goods, footwear and the like. 

Claitns 



1. A crossJinkaWe rubber composition comprising a nitrile-containing highly saturated copolymer rubber, a metal salt 
20 of an a,p-ethylenically unsaturated carboxyllc acid, and an organic percodde, wherein the nltn1eK;ontaining highly 

saturated copolymer rubber is characterized by having been treated by applying a high shearing force thereto in 
the presence of an antioxidant so as to reduce fte Mooney viscosity by 15 points or greater, by having a Mooney 
viscosity of 5 to 1 35 and a molecular weight distribution (Mw/Mn) of 3.0 to 5.0, and by showing a Mooney viscosity 
Increase of 1 0 points or less when it is allowed to stand in air at room temperature for 30 days after the reductton 
25 of its Mooney viacosity. 

2. A eomposWon as claimed in claim 1 wherein the nitrila-contalnfng highly saturated copolymer rubber is obtained by 
hydpogenating not lees than 70% of the carbon-to^rbon double bonds of a copolymer of an ethylenlcally unsatu- 
rated nitrile monomer and a conjugated diene monomer. 

20 

3. A composition as claimed in claim 1 wherein the nitrile-containing highly eaturated copolymer rubber contains 10 
to 60% by weight of cthylanlcally unsaturated nitrite monomer units. 

4. A composition as claimed in claim 1 wherein the nitrile-oont^ning highly saturated copolymer rtibDer has bean 
35 treated by applying a high shearing force thereto so as to reduce its htooney viscosity by 30 points or greater, and 

the Mooney viscosity thereof is in the range of 20 to 120. 



5. A composition as claimed in daim 1 wherein the nitrile-oontalning highly saturated copolymer mbber has been 
treated by ai&plying a high shearing foree thereto at a shear rate of 500 to 5,O00 S'\ substantially in the absence 

40 of oxygen donors. 

6. A composition as claimed In claim 1 wherein the nlirlie-containing hjghfy saturated copolymer rubber shows a 
Mooney viscosity increase of 5 points or less when it is allowed to stand in air at room temperature for 30 days after 
the treatment for reducing rts Mooney viscosity by the applrcaflon of a shearing foroe. 

4S 

7. A composition as claimed In claim 1 wherein the antioxidant is selected from among ammatrc secondary amine 
type, amine-kotone type, mercaptobenzimldazole type'and bisphenol type anticocidants. 

8. A composition as claimed In claim 1 wherein the amloxldam is usually used In an amount of 1 to 1 0 parts by weight. 
so preferably 2 to S parts by weight, per 1 00 parts by weight of the nitrlle-contalning highly saturated copolymer rub- 
ber 



9. A composition as claimed in claim 1 wherein the ethylenically unsaturated carboxylic acid metal salt has a structure 
In which an ethyianicaily unsaturated carboxyllc acid of 5 or less cartoon atoms having one or more carboxyl groups 
55 is combined with a metal by an ionic bond. 



1 0. A composition as claimed rn claim 9 wherein the ethylenically unsaturated carboxylk: acid Is a monocarboxyllc add 
such as acrylic add or meihacrylic acid; a dlcartoojcylic acid such as maieio acid, fumarto acid or itaconic add; or a 
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monoaikyi (of 1 to 8 cartoon atoms) wter compound of an unsaiunaied carboxylic acid, such as monomathyl 
mateate or monoethyl itaconate. 

11. A composition a$ cfaimed in claim 9 vtrfterein the metaf zinc, magnesium, caicKim. bartum. titanium, chromrum, 
5 iron, cobalt, nickel, aluminunip tin or Isad. 

12. A composition as claJmed In daim 9 wherein the molar ratio of tha Gthylentcally unsaturated cartxaxyllc acid to the 
metal Is in the range of ^/0.5 to 1/3. 

10 1 3. A composition as claimed In claim 1 wherein the athyJenlcally unsaturated carboxylic acid metal salt is usually used 
man amount of3 to 120 parts by welsht prafBrably 3 to 100 parts by weight, psriOO parts l^wa^ht of the rubber 

component. 

14. A composition as claimed in claim 1 wherein ihe organic peroxide is dicumyi peroKlde. dH-butyi perwide. benzoyl 
r9 peroxide. 2,5Kllmethy^2,&dl{t-butylperoxy)haxyne-3 or 2.5-dimelhyl-2,5-di(f-butylparoxy)hexane. 

15, A composition as claimed in dalm 1 wherein the organic peroxIdB 1$ usuaily used m an amount of 0.2 to 20 parta 
by weight, preferably 1 to 10 parts by weight, per lOO parts by weight of the rubber component. 

ZD 16. The ciossilnkable mbber composition of claim 1 which Is used forthe fabrication of belts. 

17. TtiB crossiinkable rubber compositFon of daim 1 which is used for the fabricaSon of raffs. 

18. The croGSlinkeble njbber composition of claim 1 which is used for the fabrteation of hoses. 

2S 



so 
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